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Abstract.  Previous experimental and numerical studies of hybrid cooling devices for CPV receivers were developed 
under uniform illumination profile conditions; but literature review shows that this uniformity assumption is difficult to 
satisfy in real conditions. This investigation presents the design and the validation of a hybrid cooling device able to 
tailor its local heat extraction capacity to 2D illumination profiles in order to provide a uniform temperature profile of 
the PV receiver as well as a low global thermal resistance coefficient. The inputs of the design procedure are the solar 
concentration, the coolant flow rate and its inlet temperature. As the illumination profile is 2D dependent, a matrix of pin 
fins is implemented and a hybrid Jet Impingement /Matrix of Pin Fins cooling device is experimentally tested and 
compared to a hybrid Jet Impingement / Microchannels cooling device developed previously. The results demonstrate 
similar performances for both designs. Furthermore, in contrast to the cooling scheme using longitudinal fins, the 
distribution of the pin fins can be tailored, in two dimensions, to the local need of heat extraction capacity. 
Keywords: High concentration, hybrid cooling scheme, temperature uniformity, microchannels, pin fins. 
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INTRODUCTION 
Solar cell receiver assemblies are essential 
components of Concentration Photovoltaic (CPV) 
modules. In addition to provide electrical connections 
to the cells and insure their protection through bypass 
diodes, receiver assemblies must extract the incoming 
solar energy fraction converted into heat inside the 
solar cells. In dense array CPV receivers, the high 
compactness makes the use of active cooling 
necessary. On the one hand, the cooling device must 
have a thermal resistance lower than 10-4 K·m2/W [1] 
and, on the other hand, it must maintain a temperature 
uniformity of the PV cells. Indeed, this last parameter 
affects both the overall efficiency of the PV receiver 
and the reliability of the device.  
Previous studies [2,3] showed the efficiency of a 
hybrid jet impingement/microchannel cooling scheme 
to reach these goals. Furthermore, experimental and 
numerical studies demonstrated that the pressure drop 
induced by this hybrid cooling device is lower than the 
one produced by devices based only on microchannels. 
This behavior is a key factor in cooling devices for 
CPV receivers, as high pressure losses imply high 
pumping power, which affect negatively the net 
energy production of the CPV converter. 
The hybrid jet impingement / microchannel cooling 
scheme (Figure 1) previously developed by some 
authors of this paper [3] demonstrated is capability to 
maintain the temperature nearly constant along the 
flow path (x direction) by increasing the heat 
extraction capacity in the same direction. This 
characteristic counteracts the coolant temperature rise 
in the same direction. 
 
FIGURE 1. Hybrid Jet Impingemet / Microchannels cooling 
device. 
 
Nevertheless, the illumination profile of a CPV 
receiver is neither perfectly uniform nor 10th International Conference on Concentrator Photovoltaic SystemsAIP Conf. Proc. 1616, 207-210 (2014); doi: 10.1063/1.4897062©   2014 AIP Publishing LLC 978-0-7354-1253-8/$30.00207
monodimensional. Calorimetric measurements 
performed in a concentrator system using a reflective 
secondary optics showed that the illumination profile 
may be clearly 2D dependent (Figure 2).  
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FIGURE 2. Example of solar flux mapping obtained at the 
exit of a kaleidoscope used as secondary with a parabolic 
concentrator [4] 
 
As a consequence, the distribution of the heat 
extraction capacity must be 2D dependent to improve 
the temperature uniformity of the cooling device. This 
performance must be obtained without reducing the 
other main performances of the previous design, which 
are the low thermal resistance coefficient and the low 
pressure drop. A new hybrid cooling scheme that 
replaces the longitudinal fins of the microchannels 
sections by a matrix of pin fins has been designed. 
Indeed, the distribution of the pin fins can be tailored, 
in two dimensions, to the local need of heat extraction 
capacity. 
In this study the hybrid Jet Impingement / Matrix 
of Pin Fins cooling scheme is experimentally tested in 
order to demonstrate its applicability in a CPV 
receiver. To achieve this goal, its performances are 
compared with those of the hybrid Jet Impingement / 
Microchannels cooling scheme. 
EXPERIMENTAL 
The schematic design of the experimental test 
module used for this study is shown in Figure 3. 
 
 
FIGURE 3.  Test module scheme. 
 
The test module is cooled by water which is stored 
in a tank equipped with a thermostatic bath to maintain 
a constant inlet temperature (Tin= 20 ºC). The water 
circulates through the loop using a variable speed 
peristaltic pump (JP Selecta PERCOM N-M), which 
provides a constant flow rate (Q). Then, the liquid 
passes through a 5-?m filter before entering the test 
module. 
In this study, the heat flux ( q ?? ), generated by an 
advanced ceramic heater (Watlow Ultramic 600), is set 
to 50 W/cm2. Real sun experiments will be performed 
in a second step. 
The cooling scheme entails two well differentiated 
areas. The first corresponds to a cooling system using 
jet impingement, while the second consists in a series 
of pin fins rows (substituting the longitudinal fins), 
seeFigure 4). In order to allow comparison between 
both studied cooling schemes, the distribution of the 
rows of pin fins in this cooling scheme is similar to the 
one of the longitudinal fins in the hybrid Jet 
Impingement / Microchannels cooling scheme. The jet 
impingement slot width (b) is set to 150 ?m. The 
spacing between the pin fins rows decreases from 1.64 
mm to 240 ?m in order to increase, along the flow 
path, the convective heat transfer coefficient and the 
heat exchange surface and, thereby, compensate the 
increase of the flow temperature. This pattern is etched 
in silicon (total thickness of 550 ?m) by lithography 
and DRIE, creating a constant depth (z=300 ?m) pin 
fins array. 208
 
FIGURE 4. Hybrid Jet Impingement / Matrix of Pin Fins 
cooling scheme. 
 
The microchannel heat exchanger is sealed on the 
copper layer of the test module through a thin layer of 
Thermal Interface Material (TIM). The thickness of 
the TIM layer has been measured with a microscope 
(100 ?m, ±5 ?m) and its thermal conductivity has been 
verified (?TIM=2.22 W/mK). 
The coolant (water) is pumped to the inlet, 
implemented through a slot jet impingement. The 
coolant flow is then divided in two parts, following the 
flow path, through the matrix of pin fins, to both ends 
of the module. 
Type-K thermocouples are used to measure the 
water temperature at the inlet and outlet of the heat 
exchanger and the temperature distribution of the 
copper layer along the flow path, at different positions 
(Tx) of the centerline (y=0 mm). These thermocouples 
are located 1.3 mm under the bottom of the cooling 
device. All this experimental  information is acquired 
by a datalogger Campbell CR23X and sent to a 
computer to be stored and analyzed. Finally the flow is 
channelled again to the thermostatic bath, closing the 
loop. 
RESULTS AND DISCUSSION 
Heat Exchange 
The temperature distribution along the flow path of 
the coolant, obtained for the 4 flow rates and the 2 
cooling devices considered in this study, is represented 
in Figure 5. 
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FIGURE 5.  Temperature distribution of the CPV receiver 
for the hybrid Jet Impingement / Microchannels cooling 
scheme (MC) and the hybrid Jet Impingement / Matrix of 
Pin Fin cooling scheme (PF). X= 822 suns. 
 
Similar trends and values are obtained for both the 
hybrid Jet Impigement / Microchannels (MC) and the 
hybrid Jet Impigement / Matrix of Pin Fins (PF) 
cooling devices. For the lowest Reynolds number 
(Re=650), the temperature slightly increases along the 
flow path of the coolant, where as for higher Reynolds 
numbers, the temperature is quite uniform or even 
decreases. This pattern is obtained through the  
increase of the local heat extraction capacity in the 
direction of the flow, which compensates the increase 
of the coolant temperature in the same direction. 
As a consequence, the performance of the device 
based on the matrix of pin fins in terms of heat 
exchange, is similar to the one of the longitudinal fins-
based device. This fact is confirmed by the comparison 
of the overall thermal resistance coefficient for both 
cooling schemes (Figure 6). 
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FIGURE 6.  Global thermal resistance coefficients 
measured for the 2 cooling devices considered. 
 
The global thermal resistance coefficients Rt are 
calculated as follows: 
 
? ?
q
TTR inwt ??
??  (1) 
with Tw the average temperature of the bottom of the 
heat sink. 209
 
The global thermal resistance coefficients follow 
the same trend for both cooling schemes, reaching 
values of 2.6x10-5 m2.K/W for the highest Reynolds 
number (flow rate Q=1.12x10-5 m3/s). All the values of 
this parameter are lower than the one considered as the 
maximum by previous studies [1] for CPV receivers. 
Pressure Losses 
The pressure drop caused by the cooling device is 
an important parameter, since this value influences the 
parasitic power consumption of the pump and, as a 
consequence, negatively affects the net energy 
production of the whole CPV system. 
Figure 7 shows similar trends for both the hybrid 
Jet Impingement / Microchannels and the hybrid Jet 
Impingement / Matrix of Pin Fins cooling schemes. 
However, for low Reynolds numbers (Re?1150), the 
matrix of pin fins generates lower pressure losses than 
the longitudinal fins of the microchannels sections. 
 
0
20000
40000
60000
80000
100000
120000
0 500 1000 1500 2000 2500
Re(-)
?P
(P
a)
Microchannels sections
Matrix of pins fins
FIGURE 7. Pressure drop of the hybrid Jet Impingement / 
Microchannels cooling scheme and the hybrid Jet 
Impingement / Matrix of Pin Fins cooling scheme. 
 
For higher Reynolds numbers, the situation is the 
opposite. This is due to the fact that the pressure drop 
is caused by the wall friction and the turbulences. For 
low Reynolds numbers, there the magnitude of 
turbulence remains low and the highest heat exchange 
area of the longitudinal fins induces more pressure 
drop than in the case of the pin fins. When the flow 
rate increases (highest Reynolds numbers), the pin fins 
generate more turbulence than the microchannel walls. 
This is the reason why, for high Reynolds numbers, 
the pressure losses are higher for the pin fins cooling 
scheme than for the microchannels one. 
CONCLUSIONS 
The performance of the hybrid Jet Impingement / 
Microchannels cooling device developed previously 
and the new hybrid Jet Impingement / Matrix of Pin 
Fins cooling schemes have been experimentally 
studied and compared. On the one hand, the heat 
exchange capacity and its distribution show similar 
characteristics. On the other hand, the comparison of 
the pressure losses induced by the cooling schemes 
show only rather small differences, caused by the flow 
characteristics within longitudinal and pin fins. The 
ability of the hybrid Jet Impingement / Matrix of Pin 
Fins cooling scheme to provide a uniform temperature 
distribution along the flow path will be further 
demonstrated in a forthcoming paper. This new 
cooling scheme should theoretically allow tailoring the 
distribution of the heat exchange elements in two 
dimensions, in contrast to the hybrid Jet Impingement / 
Microchannels one that can only fulfill this 
requirement in the flow direction. As the illumination 
profiles of the CPV receivers are often 2D dependents, 
this characteristic allows improving their temperature 
uniformity and, as a consequence, their efficiency and 
reliability. 
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